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(54) Detection of, and compensation for, waveform change due to chromatic dispersion 



(57) Waveform degradation due to chromatic dis- 
persion of an optical fiber is detected and compensated 
for. A waveform detector detects a change in waveform, 
based cn the ratio between the powers of a plurality of 
frequerKy components or on peak or duty detection, 
and the frequency bandwidth of an equalizing amplrfier 
or the chromatic dispersion of an optical fiber is control- 
led based on the result of tiie detection. 
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Description 

BACKGROUND OF THE INVENTION 

1. Reld of the Invention 

[0001] The present Invention relates to a method and 
apparatus for detecting waveform degradation due to 
chromatic dispersion of an optical fiber in an optical 
transmission system, and also relates to a method and 
apparatus for compensating for such waveform degra- 
dation. 

2. Description of the Related Art 

[0002] In optical transmission systems, as transmis- 
sion speeds increase, waveform degradation due to 
chromatic dispersion of optical fibers becomes a practi- 
cal concern, and techniques for compensating for such 
waveform degradation become necessary. In the prior 
art. a compensating technique has been known tiiat 
involves inserting a dispersion-compensating fiber hav- 
ing a dispersion value opposite in sign to the dispersion 
value of a transmission line. 

[0003] This prior art technique has had the following 
problems. 

- The effect of optical fiber dispersion changes 
depending on temperature, transmission distance, 
characteristics of the fiber installed, etc.. but since 
practical systems do not have means for detecting 
the degree of dispersion-induced waveform degra- 
dation during system operation, it is difficult with the 
prior art to make optimum settings indivkJually 
according to tiie system characteristics while the 
system is in service. 

• Dispersion-compensating fiber has such shortcom- 
ings as high cost large size, and high insertion 



[0004] Furtiier. controlling the frequency bandwidth of 
an equalizing amplifier circuit in an optical receiver in 
order to compensate for waveform degradation creates 
the following problems. 

• In ultra-high speed regions of about 10 Gb/s, elec- 
tronic circuits must be implemented as integrated 
circuits, but resistors and capacitors capable of 
being varied over a wkie range are difficult to imple- 
ment on an IC. 

• Increasing the operating bandwidth is difficult 
because of tfie bandwidtii limiting by the bandwidth 
control circuit itself. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is a first object of the present 
invention to provide a method and apparatus for detect- 



ing a wavefomi change caused by optical fit>er chro- 
matic dispersion. 

[0006] It is a second object of the present invention to 
provide a method and apparatus for compensating for 

5 the detected waveform change. 

[0007] According to the present invention, there is pro- 
vided a metiiod of detecting a signal waveform change 
caused by chromatic dispersbn of an optical transmis- 
sion line, conprising the steps of: converting an optical 

10 signal, received via the optical transmission line, into an 
electrical signal; detecting signal powers of the electri- 
cal signal at a plurality of frequencies including a fre- 
quency substantially sensitive to the effect of tiie 
chromatic dispersion of the optical transmission fine and 

IS a frequency sut>stantially insensitive to the effect of the 
chromatic dispersion of the optical transmission line; 
and detecting the signal waveform change caused by 
tiie chromatic dispersion of the optical ti-ansmission line 
on the t>asis of the ratio between the signal powers at 

30 the plurality of frequencies. 

[0008] According to the present invention, there is 
also provided a method of detecting a signal waveform 
change caused by chromatic dispersion of an optical 
transmission line, comprising the steps of: converting 

25 an cptical signal, received via the optical transmission 
line, into an electrical signal; detecting a mean value, a 
high level peak value, arKj a low level peak value of the 
elecb-ical signal; and detecting a signal waveform 
change by comparing tiie mean value witti a mean 

30 value taken between the high level peak value and the 
low level peak value. 

[0009] According to the present invention, there is 
also provided a method of detecting a signal waveform 
change caused by chromatic dispersbn of an optical 
35 transmission line, comprising the steps of: converting 
an optical signal, received via tiie optical transmission 
line, into an electrical signal; arKi detecting a signal 
waveform change by detecting signal duty of the electri- 
cal signal. 

40 [0010] Acconjing to the present invention, there is 
also provided a metiiod of compensating for a signal 
waveform change caused by chromatic dispersion of an 
optical transmission line, comprising the steps of: con- 
verting an optical signal, received via the optical trans- 

45 mission line, into an electrical signal; detecting the 
signal waveform change in the electirical signal caused 
by the chromatic dispersion of the optical transmission 
line; and compensating for the signal waveform change 
by equalizing and amplifying the electirical signal 

so through an equalizing amplifier circuit whose frequency 
characteristic is controlled in accordance with the 
detected waveform change, 

[0011] According to the present invention, there is 
also provided a metiiod of compensating for a signal 
55 waveform change caused by chromatic dispersion of an 
optical transmission line, comprising the steps of: con- 
verting an optical signal, received via the optical trans- 
mission line, into an electrical signal; detecting s^nal 
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powers of the electrical signal at a plurality of frequen- 
cies including a frequency sut>stantially sensitive to the 
effect of the chromatic dispersion of the optical trans- 
mission line and a frequency substantially insensitive to 
the effect of the chromatic dispersion of the optical 
transmission line; detecting the signal waveform change 
caused by the chromatic dispersion of the optical trans- 
mission line on the basis of the ratio between the signal 
powers at the plurality of frequencies; and compensat- 
ing for the signal waveform change by controlling the 
chromatic dispersion of the optical transmission line in 
accordance with the detected waveform change. 
[0012] According to the present invention, there is 
also provided a method of oonrpensating for a signal 
waveform change caused by chromatic dispersion of an 
optical transmission line, comprising the steps of: con- 
verting an optical signal, received via the optical trans- 
mission line, into an electrical signal; detecting a mean 
value, a high level peak value, and a low level peak 
value of the electrical signal; detecting a signal wave- 
form change by comparing the mean value with a mean 
value taken between the high level peak value and the 
low level peak value; arxi compensating for the signal 
waveform change by controlling the chromatic disper- 
sion of the optical transmission line in accordance with 
the detected waveform change. 
[0013] According to the present invention, there is 
also provided a method of compensating for a signal 
waveform change caused by chromatic dispersion of an 
optical transmission line, comprising the steps of: con- 
verting an optical signal, received via the optical trans- 
mission line, into an electrical signal; detecting a signal 
waveform change by detecting signal duty of tiie electri- 
cal signal; and compensating for the signal waveform 
change by controlling the chromatic dispersion of the 
optical transmission line in accordance with the 
detected waveform change. 

[0014] According to the present invention, there is 
also provkJed an apparatus for detecting a signal wave- 
form change caused by chromatic dispersion of an opti- 
cal transmission line, comprising: a photodetector for 
converting an optical signal, received via the optical 
transmission line, into an electrical signal; power detec- 
tion means for detecting signal powers of the electrical 
signal at a plurality of frequencies including a frequency 
substantially sensitive to the effect of the chromatic dis- 
persion of tiie optical transmission line and a frequency 
suk^arttially insensitive to the effect of the chromatic 
dispersion of the optical transmission line; and a wave- 
form change detection circuit for detecting the signal 
waveform change caused by the chromatic dispersion 
of the optical transmission line on the basis of the ratio 
between the signal powers at the plurality of frequen* 
ctes. 

[0015] According to the present invention, there is 
also provkied an apparatus for detecting a signal wave- 
form change caused by chromatic dispersion of an opti- 
cal transmission line, comprising: a photodetector for 



converting an optical signal, received via the optical 
transmission line, into an electrical signal; a detection 
circuit for detecting a mean value, a high level peak 
value, and a low level peak value of the electrical signal; 
5 and a comparison drcuit for detecting a signal wave- 
form change by comparing the mean value with a mean 
value taken between the high level peak value and the 
low level peak value. 

[0016] According to the present invention, there is 

10 also provided an apparatus for detecting a signal wave- 
form change caused by chromatic dispersion of an opti- 
cal transmission line, comprising: a photodetector for 
converting an optical signal, received via the optical 
transmission line, Into an electrical signal; and a duty 

15 detection drcuK for detecting a signal waveform change 
by detecting signal duty of the electrical signal. 
[0017] According to the present invention, there is 
also provkled an apparatus for compensating for a sig- 
nal waveform change caused by chromatic dispersion 

20 of an optical transmission line, comprising: a photode- 
tector for converting an optical signal, received via the 
optical transmission line, into an electrical signal; wave- 
form change detection means for detecting the signal 
waveform change in the electrical signal caused by the 

25 chromatic dispersion of the optical transmissfon line; 
and an equalizing amplifier circuit, whose frequency 
characteristic is controlled in accordance with the 
detected waveform change, for compensating for the 
signal waveform change by equalizing and amplifying 

30 the electrical signal. 

[0018] According to the present invention, there is 
also provided an apparatus for compensating for a sig- 
nal waveform change caused by chromatic dispersion 
of an optical transmissfon line, comprising: a photode- 

35 tector for converting an optical signal, received via the 
optical ta^ansmission line, into an electrical signal; power 
detection means for detecting signal powers of the elec- 
trical signal at a plurality of frequencies including a fre- 
quency sutDstantially sensitive to the effect of th 

40 Chronic dispersion of the optical transmission line and 
a frequency substantially insensitive to the effect of the 
chromatic dispersion of the optical transmission line; a 
waveform change detection circuit for detecting the sig- 
ned waveform change caused by the chromatic disper- 

45 sion of the optical transmission line on the t>asis of the 
ratio between the signal powers at the plurality of fre- 
quencies; and chromatic dispersion control means for 
compensating for the signal waveform change by con- 
trolling the chromatic dispersion of tiie optical transmis- 

50 sion line In accordance with the detected waveform 
changa 

[0019] According to the present invention, there is 
also provided an apparatus for detecting a signal wave- 
form change caused by chromatic dispersion of an opti- 
55 cal transmission line, comprising: a photodetector for 
converting an optical signal, received via the optical 
transmission line, into an electrical signal; a detection 
circuit for detecting a mean value, a high level peak 
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value, and a tow level peak value of the electrical signal: 
a comparison circuit for detecting a signal waveform 
change by comparing the mean value with a mean 
value taken b^een the high level peak value and the 
low level peak value; and chromatic dispersion control 
means for compensating for the signal waveform 
change by controlling the chromatic dispersion of the 
optical transmission line in accordance with the 
detected waveform change. 

[0020] According to the present invention, there is 
also provided an apparatus for compensating for a sig- 
nal waveform change caused by chromatic dispersion 
of an optical transmission line, comprising: a photode- 
tector for converting an optical signal, received via the 
optical transmission line, into an electrical signal; a duty 
detection circuit for detecting a signal waveform change 
by detecting signal duty of the electrical signal; and 
chromatic dispersion control means for compensating 
for the signal waveform change by controlling the chro- 
matic dispersion of the optical transmission line in 
accordance wMi the detected waveform change. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 

Rgure 1 is a diagram showing the t>asic configura- 
tion of the present invention; 
Rgure 2 is a diagram for explaining tiie relationship 
tsetween a waveform change due to optical fiber 
chromatic dispersion and a frequency component 
ratio; 

Rgure 3 is a diagram showing a first example of an , 
apparatus for detecting a wavefornri change on the 
basis of the frequency component ratio, according 
to a first embodiment of the present invention; . 
Rgure 4 is a diagram showing a second example of 
the detection t^ed on the frequency cx>rnponent 
ratio; 

Rgure 5 is a diagram for explaining tiie relationship 
between a waveform change and peak values; 
Rgure 6 is a diagram showing an apparatus for 
detecting a waveform change on the t>asis of the 
peak values, according to a second embodiment of 
the present invention; 

Rgure 7 is a circuit diagram showing details of the 
peak detector 34 in Figure 6 by way of example; 
Rgure 8 is a diagram showing an apparatus for 
detecting a waveform change on the t>asl8 of duty 
detection, according to a third embodiment of the 
present invention; 

Rgure 9 is a circuit diagram showing the details of 
a duty detector 50 by way of example; 
Rgure 10 is a diagram showing an equalizing 
anplifier circuit according to a fourth emtxxiiment 
of the present invention; 

Rgure 1 1 is a circuit diagram showing the details of 
a wideband amplifier circuit 56 in Rgure 10 by way 
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of example; 

Rgure 12 is a circuit diagram showing tfie details of 
a narrowband amplifier circuit 58 in Figure 10 t}y 
way of example; 

Rgure 13 is a circuit diagram showing ttie details of 
an adder circuit 60 in Figure 10 by way of example; 
Rgure 14 is a diagram showing a system combin- 
ing a waveform change detector 1 8 according to the 
present invention with a variable dispersion com- 
pensator 80; and 

Rgure 15 is a diagram showing a system comt>in- 
ing the waveform change detector 18 according to 
the present invention with dispersion control using 
a variat)le wavelength light source 82. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



[0022] Rgure 1 shows tiie basic configuration of an 
so apparatus, according to the present invention, for 
detecting a waveform change caused by chromatic dis- 
persion, and for compensating for the waveform change 
thus detected. In Figure 1 , an optical signal received 
from an optical transmitter 10 through an optical filer 12 
25 is converted by a photodetector 1 4 into an electrical sig- 
nal, arxi equalized and amplified by an equalizing ampli- 
fier circuit 16. 

[0023] A waveform change detector 18 detects a 
waveform change caused by chromatic dispersion, as 

30 described in detail below, and compensates for the 
waveform change by controlling either the frequency 
characteristic of the equalizing amplifier 16 or tiie 
amount of chromatic dispersion of tiie optical fiber 1 2 oi 
accordance with the result of the detection. 

35 [0024] As shown in Figure 2, a change occurs in the 
received waveform because of chromatic dispersion of 
an optical ftoer, with tiie characteristic that when the 
waveform becomes a peaked wavefomi due to pulse 
compression, the higher frequency component 

40 increases (part (a)), and when tiie waveform becomes 
rounded due to pulse spreading, the higher frequency 
component decreases (part (b)). By detecting the power 
of the higher frequency component, the change in the 
waveform can be detected. At this time, the powers of at 

45 least two frequency components, a low-frequency com- 
ponent insensitive to the effect of chromatic dispersion 
and a high-frequency component sensitive to that effect, 
shouki be detected and the ratio t>etween tiiem should 
be calculated so that tiie waveform cfiange can be dis- 

so tinguished from the change in the input optical power 
itself. 

[0025] In a first embodiment concerning the waveform 
change detection in the waveform change detector 18, 
tiie powers of the above-mentioned at least two fire- 
55 quency components are detected and the ratio between 
them is calculated. The low-frequency component 
insensitive to the effect of chromatic dispersion refers to 
the frequencies lower tfian 1 GHz. for example, when 
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the bit rate is 40 GHz. and the high-frequency compo- 
nent sensitive to it refers to the frequencies between 30 
GHz to 40 GHz. for exampie. Figure 3 shows one exam- 
ple of the waveform change detection apparatus 
according to the first embodiment of the present inven- s 
tion. The output of the equalizing amplifier circuit 16 is 
supplied in parallel to the ir^^uts of a plurality of band- 
pass filters 20 whose pass band center frequencies are 
fj, fa. — fn' respectively; thea the powers of their out- 
puts are detected by respective power detectors 22. and w 
the ratio between them is calculated by a power ratio 
calculator 24. 

[0026] Rgure 4 shows a second exanple of tiie wave- 
form change detection apparatus according to the first 
embodiment of the present invention. Ttie output of the is 
equalizing amplifier circuit 16 is supplied as an input to 
a band-pass filter 26 whose pass k>and center frequency 
is variable, and whose output power is detected by a 
power detector 28. The center frequency of the band- 
pass filter 26 is swept by a frequency sweeper 30, and 20 
from the output of the power detector 28 representing 
powers detected at a plurality of frequencies, a power 
ratio calculator 32 calculates the power ratio between 
the plurality of frequency components. 
[0027] As shown in Figure 5. when pulse compression 25 
occurs due to fiber dispersion, the waveform has the 
characteristic of exhibiting prominent upper peaks. 
Accordingly, when a high level peak value and a low 
level peak value of the waveform are detected, and their 
mean value is compared with the DC mean value of the 30 
waveform, the change of the wav^orm can be deter- 
mined from the resuK of the comparison between the 
two values. 

[0028] Figure 6 shows a waveform change detection 
apparatus according to a second embodiment of the 35 
present invention t>ased on this idea. In Figure 6. the 
output of the equalizing amplifier 16 is supplied as 
inputs to a peak detector 34 and a mean value detector 
36. From the high level peak value V^j and low level 
peak value V|o detected by the peak detecto* 34. their 40 
mean value Vhi+V|o/2 is catoulated by a mean calculator 
38 and is compared by a comparator 40 with the output 
of the mean value detector 36. 
[0029] Figure 7 shows the details of the peak detector 
34 by way of example. In Figure 7. a capacitor 42 is 45 
charged to the high level peak voltage vhi of the input 
signal via a diode 44. and a capacitor 46 is charged to 
the low level peak voltage V|o of the input signal via a 
diode directed in the opposite direction to that of the 
diode 44. The mean value detector 36 in Figure 6 is so 
implemented by a low-pass filter 
[0030] As can be seen from Figure 5, when pulse 
compression occurs due to dispersion, the duty ratb of 
the waveform decreases, and when pulse spreading 
occurs, the duty ratio increases. Accordingly, the ss 
change in the waveform due to dispersion can be deter- 
mined by detecting the duty ratio of the waveform. 
[0031] Figure 8 shows a waveform change detection 



apparatus according to a third embodiment of the 
present invention based on tiiis idea. A duty detector 50 
detects the change in the waveform due to optical fiber 
dspersion by detecting the duty of the signal output 
from the equalizing amplifier 16. 
[0032] Rgure 9 shows the details of the duty detector 
50 by way of example. A comparator 52 compares the 
input signal witii a reference signal, and outputs a high 
level signal if the input signal is larger than the reference 
signal and a low level agnal if tiie former is smaller than 
the latter. The DC component which a low-pass filter 54 
detects from the output of the comparator 52 indicates 
the duration of the high level period, that is. the duty of 
the irput signal. 

[0033] As previously explained with reference to Rg- 
ure 2. waveforms have the characteristic that when 
pulse compressfon occurs due to fber dispersion, th 
high-frequency component of the waveform increases, 
and when pulse spreading occurs, the high-frequency 
component decreases. Therefore, waveform compen- 
sation can be achieved by decreasing the barxiwidth of 
the equalizing amplifier circuit 16 in the former case and 
increasing it in the latter case. 

[0034] Among methods of controlling the frequency 
tsandwidth of the equalizing amplifier circuit the previ- 
ously desaibed method that directly controls the circuit 
barKlwidth is difficult to implem^ using an IC. An 10 
implementation is made possible by the configuration 
shown in Figure 10; that is, a wideband high-peaking 
circuit 56 and a narrowt^nd circuit 58 are provided, and 
output signals of tiie two circuits are added together by 
an adder circuit 60. By making tine addition ratio varia- 
ble, it b|eoomes possible to control the entire bandwidth. 
[0035] Figure 1 1 shows tiie detailed configuration of 
the wideband amplifier circuit 56 by way of example. 
Transistors 62, 64, a constant current source 66. and 
resistors 68. 70 together constitute a differential ampli- 
fier circuit. The time constant of tNs amplifier circuit is 
largely determined by the base-collector parasitic 
capacitances of the transistors 62 and 64 and the resist- 
ance values of the resistors 68 and 70. By contrast, in 
the narrowt^and amplifier circuit 58 shown in Rgure 12. 
capacitors 72 and 74 are added in parallel to the resis- 
tors 68 and 70. respectively, thus increasing the time 
constant 

[0036] Figure 13 shows the detailed configuration of 
the adder circuit 60 by way of example. Voltages applied 
to inputs A arxl B are added together for output, with the 
addition ratio determined in accordance with the voltag 
applied to an input CONT 

[0037] The detection and compensation methods so 
iar described can all be implemented using electronic 
circuits and. by confining these methods, it becomes 
possibi' to automatically detect and compensate for 
waveform degradation due to fitter chromatic dispersion 
at relatively low cost. Furthermore, automatic compen- 
sation can also be implemented by combining the 
detection by the waveform change detector 18 of the 
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present invention with the dispersion compensation by a 
prior known variable dispersion compensator 80 or with 
dispersion control that involves controlling the wave- 
length of signal light using a variable wavelength light 
source 82. as shouim in Figure 1 4 or 1 5. s 

Claims 

1. A method off detecting a signal waveform change 
caused by chromatic dispersion of an optical trans- io 
mission tine, comprising the st^>s of: 



(a) converting an optical signal, received via 
said optical transmission line, into an electrical 

signal; 

(b) detecting signal powers of said electrical 
signal at a plurality of frequencies including a 
frequency substantially sensitive to the effect of 
the chromatic dispersion of said optical trans- 
mission line and a frequency sut>stantially 
insensitive to the effect of the chromatic disper- 
sion of said optical transmission line: and 

(c) detecting the signal waveform change 
caused by the chromatic dispersion of said 
optical transmission line on the t>asis of the 
ratio between the signal powers at said plurality 
of frequencies. 



2. 



A mefliod according to claim 1, wherein said step 
(b) includes the substeps of: 



4. 



A metiiod according to daim 1 . wherein said step 
(b) includes the substeps of: 

(i) inputting said electrical signal to a t>and- 
pass filter whose pass band center frequency 
is variat>le; 

(ii) detecting an output power of said band- 
pass filter; and 

(tii) sweeping the center frequency of said 
band-pass filter over a range including said plu- 
rality of frequencies. 

A method of detecting a signal waveform change 
caused by chromatic dispersion of an optical trans- 
mission line, comprising the steps of: 

(a) converting an optical signal, received via 
said optical transmission line, into an electrical 
signal: 

(b) detecting a mean value, a high level peak 



IS 



so 



25 



30 



(i) inputting said electrical signal in parallel to a 
plurality of band-pass filters whose pass band 
center frequencies are respectively chosen 
equal to said plurality of frequencies: and ss 

(ii) detecting respective output powers of sad 
plurality of band-pass filters. 



40 
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value, and a low level peak value of said elec- 
trical signal; and 

(c) detecting a signal waveform change by 
comparing said mean value with a mean value 
taken between said high level peak value and 
sakj low level peak value. 

A method of detecting a signal waveform change 
caused by chromatic dispersion off an optical trans- 
mission line, comprising the steps of: 

(a) converting an optical signal, received via 
sakJ optical transmission line, into an electrical 
signal; and 

(b) detecting a signal waveform change by 
detecting duty ratio of said electrical signal 

A metfrxxi of compensating for a signal waveform 
change caused by chromatic dispersfon off an opti- 
cal transmission line, comprising the steps of: 

(a) converting an optical signal, received via 
said optical transmission line, into an electrical 
signal: 

(b) detecting the signal waveform change in 
said electrical signal caused by the chromatic 
dispersion of said optical transmission line; and 

(c) compensating for said signal waveform 
change by equalizing and amplifying said elec- 
trical signal through an equalizing amplifier cir- 
cuit whose frequency characteristic is 
controlled in accordance witii said detected 
waveform change 

A method according to claim 6, wherein said step 
(c) Includes the substeps of: 

(i) inputting said electrical signal in parallel to 
two anrplrffier circuits having diffa^ent frequency 
characteristics; and 

(ii) summing outputs of said two amplifier cir- 
cuits in a ratio determined in aocofdance with 
sakjl detected waveform change. 

A method according to claim 6. wherein saki step 
(b) includes tiie substeps of: 

(i) detecting signal powers of said electrical sig- 
nal at a plurality off frequencies including a fre- 
quency sut>stantially sensitive to the effect of 
the chromatic dispersion of said optical trans- 
mission line and a frequency sut^stantially 
insensitive to the effect off the chromatic disper- 
sion off sakJ optical transmission line: and 

(ii) detecting the signal waveform change 
caused by the chromatic dispersion of said 
optical transmissfon line on the basis of the 
ratio between the signal powers at said plurality 
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of frequencies. 

9. A method according to claim 8, wherein said sub- 
step (b)(i) includes the sut>steps of: 

5 

inputting said electrical signal in parallel to a 
plurality of band-pass filters whose pass band 
center frequencies are respectively chosen 
equal to said plurality of frequencies; and 
detecting respective output powers of said plu- io 
rality of band-pass filters. 

10. A method according to daim 8, wherein said sub- 
step (b)(0 includes the suk>steps of: 

IS 

inputting said electrical signal to a band-pass 
fitter whose pass t>and center frequency is var- 
iable; 

detecting an output power of said band-pass fil- 
ter; and 20 
sweeping the center frequency of said band- 
pass filter over a range including said plurality 
of frequencies. 

11. A method according to claim 6. wherein said step 25 
(b) includes the substeps of: 



of frequencies; and 

(d) compensating for said signal waveform 
change by controlling the chromatic dispersion 
of said optical transmission line in accordance 
with said detected waveform change. 

14. A method according to daim 13, wherein said step 
(b) indudes the sii)steps of: 

(i) inputting said electrical signal in parallel to a 
plurality of t>and-pass filters whose pass band 
center frequ^des are respectively chosen 
equal to said plurality of frequendes; and 

(ii) detecting respective output powers of said 
plurality of band-pass filters. 

15. A method according to daim 13, wherein said step 
(b) includes the sut>step6 of: 

(i) inputting said electrical signal to a band- 
pass filter whose pass band center frequency. 
Is varial>le; 

(ii) detecting an output power of said band- 
pass fitter; and 

(iii) sweeping the center frequency of said 
k>and-pass fitter over a range induding said plu- 
rality of frequendes. 

16. A method of compensating for a signal waveform 
change caused by chromatic dispersion of an opti- 
cal transmission line, comprising the steps of: 

(a) converting an optical signal, received via 
said optical transmission line, into an electrical 

signal; 

(b) detecting a mean value, a high level peak 
value, and a low level peak value of said elec- 
trical signal; 

(c) detecting a signal waveform change by 
comparing sakj mean value with a mean value 
taken between said high level peak value and 
said low level peak value; and 

(d) compensating for said signal waveform 
change by controlling the chroniatic dispeisk)n 
of said optical transmission line in accordance 
with said deteded waveform change. 

17. A method of compensating for a signal waveform 
change caused by chromatic dispersion of an opti- 
cal transmission line, comprising the steps of: 

(a) converting an optical signal, received via 
said optical transmission line, into an eledrical 
signal; 

(b) detecting a signal waveform change by 
detecting signal duty of said electrical signal; 
and 

(c) compensating for said signal waveform 



(i) detecting a mean value, a high level peak 
value, and a low level peak value of said elec- 
trical signal; and so 

(ii) detecting a signal waveform change by 
comparing said mean value with a mean value 
taken between said high level peak value and 
said low level peak value. 

35 

12. A method according to claim 6, v^erein said step 
(b) includes the suk>step of detecting a signal wave- 
form change by detecting signal duty of said electri- 
cal signal. 

40 

13. A method of compensating for a signal waveform 
change caused by chromatic dispersion of an opti- 
cal transmission line, comprising the steps of: 

(a) converting an optical signal, received via 4S 
said optical transmission line, into an electrical 
signal; 

(b) detecting signal powers of said electrical 
signal at a plurality of frequendes induding a 
frequency sul>stantially sensitive to the effect of so 
the chromatic dispersion of said optical trans- 
mission line and a frequency sut)Stantially 
insensitive to the effect of the chromatic disper- 
sion of said optical transmission line; 

(c) detecting the signal waveform change ss 
caused by the chromatic dispersion of said 
optical transmission line on the l3asis of the 
ratio between the signal powers at said plurality 
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change by controlling the chromatic dispersion 
of said optical transmission line in accordance 
with said detected waveform change. 

' 18. An apparatus for detecting a signal waveform s 
change caused by chromatic dispersion of an opti- 
cal transmission line, comprising: 

a photodetector for converting an optical sig- 
nal, received via said optical transmission line. io 
into an electrical signal; 
power detection means for detecting signal 
powers of said electrical signal at a plurality of 
frequencies including a frequency sut)stantially 
sensitive to the effect of the chromatic disper- is 
sion of said optical transmission line and a fre- 
quency sui>starrtially insensitive to the effect of 
the chromatic dispersion of said optical trans* 
mission line; and 

a waveform change detection drcurt for detect- 20 
ing the signal waveform change caused by the 
chromatic dispersion of said optical transmis- 
sion line on the basis of the ratio between the 
signal powers at said plurality of frequencies. 

25 

19. An apparatus according to daim 18, wherein said 
power detection means includes: 

a plurality of band-pass filters whose pass 
band center frequencies are respectively cho- 30 
sen equal to said plurality of frequencies, and 
to which said electrical signal is input in paral- 
lel; and 

a plurality of power detectors lor detecting 
respective output powers of said plurality of 3S 
band-pass filters. 

20. An apparatus according to daim 18. wherein said 
power detection means includes: 

40 

a band-pass filter whose pass band center fre- 
quency is variable, and to which said electrical 
signal is input; 

a power detector for detecting an output power 
of said band-pass filter; and 45 
a frequency sweeping circuit for sweeping the 
center frequency of said band-pass filter over a 
range tnduding said plurality of frequendes. 

21. An apparatus for detecting a signal waveform so 
change caused by chromatic dispersion of an opti- 
cal transmission line, comprising: 

a photodetector for converting an optical sig- 
nal, received via sard optical transmission line, ss 
into an electrical signal; 
a detection circuit for detecting a mean value, a 
high level peak value, and a low level peak 



value of saki electrical signal; and 

a comparison drcuit for detecting a signal 

waveform change by comparing said mean 

value with a mean value taken between said 

high level peak value and said low level peak 

value. 

22. An apparatus for detecting a signal waveform 
change caused by chromatic dispersfon of an opti- 
cal transmission line, comprising: 

a photodetector for converting an optical sig- 
nal, received via sakl optical transmission line, 
into an electrtoal signal; and 
a duty detection circuit for detecting a signal 
waveform change by detecting duty ratio of 
sakJ electrical signal. 

23. An apparatus for compensating for a signal wave- 
form change caused by chromatic dispersion of an 
optical transmission line, comprising: 

a photodetector for converting an optical sig- 
nal, received via sakJ optical transmission line, 
into an electrical signal; 
waveform change detection means for detect- 
ing tiie signal waveform change in said electri- 
cal signal caused by the chromatic dispersfon 
of said optical transmission line; and 
an equalizing arrplifier drcuit. whose fre- 
quency characteristic is controlled in accord- 
ance with said detected waveform change, for 
conpensating for said signal waveform change 
by equalizing arKi amplifying sakl electrical sig- 
nal. 

24. An apparatus according to claim 23, wherein said 
equalizing amplifier circuit includes: 

two amplifier drcuits wtx>se frequency charac- 
teristics are diff^ent from each other, and to 
which said electrical signal is Input in parallel; 
and 

an adder circuit for summing outputs of said 
two amplifier circuits in a ratio determined in 
accordance with said detected waveform 
change. 

25. An apparatus according to claim 23. wherein said 
waveform change detection means indudes: 

power detection means for detecting signal 
powers of said electrical signal at a plurality of 
frequendes induding a frequency substantially 
sensitive to the effect of the chromatic disper- 
sion of said optical transmission line and a fre- 
quency substantially insensitive to the effect of 
the chromatic dispersion of sakJ optical trans- . 
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mission line; and 

a waveform change detection circuit for detect- 
ing the signal waveform change caused by the 
chromatic dispersion of said optical transmis- 
sion line on the basis of the ratio between the s 
signal powers at said plurality of frequencies. 

26. An apparatus according to claim 25, wherein said 
power detection means includes: 

10 

a plurality of k)and-pass filters whose pass 
band center frequencies are respectively cho- 
sen equal to said plurality of frequencies, and 
to which said electrical signal is input in paral- 
lel; and 15 
a plurality of power detectors for detecting 
respective output powers of said plurality of 
band-pass f aters. 

27. An apparatus according to daim 25. wherein said 20 
power detection means includes: 

a band-pass filter whose pass band center fre- 
quency is variatsle, and to which said electrical 
signal is input; 25 
a power detector for detecting an output power 
of said band-pass fitter; and 
a frequency sweeping circuit for sweeping the 
center frequency of said band-pass filter over a 
range including said plurality of frequencies. 30 

28. An apparatus according to claim 23. wherein said 
waveform change detection means includes: 



29. An apparatus according to daim 23, wherein said 
waveform change detection means includes: 45 

a duty detection drcuit for detecting a signal 
waveform change by detecting signal duty of 
said electrical signal. 

so 

30. An apparati^ for compensating for a signal wave- 
form change caused by chromatic dispersion of an 
optical transmission line, comprising: 



powers of said electrical signal at a plurality of 
frequences including a frequency sut>stantially 
sensitive to the effect of the chromatic disper- 
sion of said optical transmissbn line and a fre- 
quency substantially insensitive to the effect of 
the chromatic dispersion of said optical trans- 
mission line; 

a waveform ctiange detection circuit for detect- 
ing tiie signal waveform change caused by the 
chromatic dispersion of said optical transmis- 
sion line on the t>asis of the ratio between the 
signal powers at said plurality of frequencies; 
and 

chromatic dispersion control means for com- 
pensating for said signal waveform change by 
controlling the chromatic dispersion of said 
optical transmission line in accordance with 
said detected waveform cheuige. 

31. An apparatus according to claim 30, wherein said 
power detection means includes: 

a plurality of band-pass fitters whose pass 
band center frequencies are respectively cho- 
sen equal to said plurality of frequencies, and 
to which said electrical signal is input; and 
a plurality of power detectors for detecting 
respective output powers of said plurality of 
band-pass filters. 

32. An apparatus according to claim 30. wherein said 
power detection means indudes: 

a t)ancl-pass filter whose pass barxJ center fre- 
quency is variable, and to which said electrical 
signal is input; 

a power detector for detecting an output power 
of said band-pass filter; and 
a frequency sweeping drcuit for sweeping the 
center frequency of said t>and-pass filter over a 
range induding said plurality of frequencies. 

33b An apparatus for detecting a signal waveform 
chcuige caused by chromatic dispersion of an opti- 
cal transmission line, comprising: 

a photodetector for converting an optical sig- 
nal, received via said optical transmission line, 
into an electrical signal; 
a detection circuit for detecting a mean value, a 
high level peak value, and a low levd peak 
value of said electrical signal; 
a comparison drcuit for detecting a signal 
waveform change by comparing said mean 
value with a mean value taken t>etween said 
high level peak value and said low level peak 
value; and 

chromatic dispersfon control means for com- 



a photodetector for converting an optical sig- ss 
nal, received via Sciid optical transmission line, 
into an etecti^ical signal; 
power detection means for detecting signal 



25 



30 



a detection circuit for detecting a mean value, a 35 
high level peak value, and a low level peak 
value of said electrical signal; and 
a coirparison drcuit for detecting a signal 
waveform change by comparing said mean 
value with a mean value taken between said 40 
high level peak value and saki low level peak 
value. 



9 



BNSOOCID: <EP ^0912001A2J.> 



17 



EP0912 001 A2 



pensating for said signal waveform change by 
controlling the chromatc dispersion of said 
optical transmission line in accordance with 
said detected waveform change. 

5 

34. An apparatus for compensating for a signal wave- 
form change caused by chromatic dispersion of an 
optical transmission line, comprising: 

a photodetector for converting an optical sig* io 
nal, received via said optical transmission line, 
into an electrical signal; 
a duty detection circuit for detecting a signal 
waveform change by detecting signal duty of 
said electrical signal; and is 
chromatic dispersion control means for com- 
pensating for said signal waveform change by 
controlling the chromcrtic dispersion of said 
optical transmission line in accordance with 
said detected waveform change. so 
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